TITLE OF THE INVENTION 

STENT 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from the prior Japanese Patent 

Applications No. 2001-006759, filed January 15, 2001; 
and No. 2001-166672, filed June 1, 2001, the entire 
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10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a stent for 
indwelling within a living body, which is used for 
improving a stricture section or a obstruction section 
15 occurring in a tubular lumen such as a blood vessel, a 

bile duct, the trachea, the gullet, the urethra, and 
other internal organs, particularly, to a stent of a 
balloon expansion type. 

2. Description of the Related Art 

20 A stent is generally a tubular medical instrument 

used for treating various diseases and indwelled in a 
stricture section or an obstruction section of a 
tubular lumen within a living body such as a blood 
vessel for expanding the stricture section or the 

25 obstruction section so as to ensure an inner cavity 

therein . 

The stents include stents of a balloon expansion 



type and stents of a self -expansion type. The balloon 
expansion type stent does not perform the self- 
expansion function unlike the self-expansion type 
stent. In the balloon expansion type stent, the stent 
is inserted into a desired position and, then, the 
balloon is expanded within the stent so as to permit 
the expanding force of the balloon to expand 
(plastically deform) the stent and bring the stent into 
contact with the inner surface of the desired position 
of the tubular lumen, thereby fixing the stent to the 
desired position. 

In general, the stent is required to perform the 
delivery function and the re-stricture or restenosis 
preventing function as basic functions. The delivery 
function is the function where the stent is carried to 
a desired position within a tubular lumen. Naturally, 
the delivery function is a basic function, because it 
is impossible to retain or indwell the stent in the 
desired position unless the stent is carried to the 
desired position. The factors relating to the delivery 
function of the balloon expansion type stent include 
the stent diameter under the state that the stent is 
mounted on a balloon catheter and the close contacting 
of the balloon with the stent under the state that the 
stent is mounted on the balloon catheter. Particularly 
important is the flexibility of the stent under the 
state that the stent is mounted on the balloon 



catheter. 

The stent is required to be flexible under the 
mounted state on the balloon catheter in order to allow 
the stent to be delivered along the guide wire retained 
in, particularly, the bent and meandering blood vessel. 
It is possible for a stent poor in the flexibility in 
the axial direction to be incapable of following the 
guide wire, resulting in failure to be delivered to the 
lesion portion. Particularly, the difficulty is 
rendered prominent when it comes to a long stent. 
Also, when the stent is passed through a bent and 
calcified lesion, it is possible for the stent to be 
caught by the calcified hard inner membrane so as not 
to be moved further. Particularly, when the stent is 
bent, a part of the strut protrudes toward the outside 
so as to abut against a hard lesion portion and, thus, 
to fail to move further. An additional problem takes 
place in clinical medicine in some cases. Specifi- 
cally, when the stent is brought back into the guiding 
catheter because the stent is incapable of passing 
through the diseased portion, it is possible for a part 
of the stent to be caught by the tip of the guiding 
catheter, resulting in failure to recover the stent. 
It is also possible for the stent to be dropped from 
the balloon catheter. 

On the other hand, the re-stricture preventing 
function represents the function of preventing a 
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re-stricture in the portion where the stent is 
retained. The construction of the stent that permits 
suppressing the occurrence of a re-stricture has not 
yet been clarified sufficiently because the re- 
5 stricture generating mechanism has not yet been 

clarified sufficiently and because it is difficult to 
carry out the re-stricture comparison test by the stent 
since the types of the disease are complicated and 
diversified in clinical research. However, it is said 

10 that the re-stricture tends to occur easily in the edge 

of the stent when it comes to a stent poor in 
flexibility in the axial direction. It is considered 
reasonable to understand that the re-stricture tends to 
take place easily because stress is applied to the edge 

15 of the stent if the stent is poor in flexibility so as 

to stimulate the blood vessel. Naturally, it is 
considered reasonable to understand that the stent 
should desirably be flexible even after expanded and 
indwelled. However, a stent that does not have a free 

20 portion in general is hard in the axial direction, 

leading to a high re-stricture occurrence in the edge 
portion of the stent. 

BRIEF SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 

25 stent flexible in the axial direction either before or 

after the expansion. 

According to a first aspect of the present 



invention, there is provided a stent formed to be 
tubular as a whole, having a first outer diameter 
capable of insertion into a tubular lumen of a living 
body, and capable of expansion to have a second outer 
diameter larger than the first outer diameter when an 
expanding force directed outward in the radial 
direction is imparted within the stent, comprising a 
plurality of annular expanding members arranged a 
predetermined distance apart from each other in the 
axial direction of the stent and each formed of a waved 
element; and a plurality of waved connecting members 
connecting ridges and/or bottoms of the waved elements 
of the adjacent annular expanding members; wherein the 
plural annular expanding members are arranged in the 
axial direction of the stent such that no substantial 
phase difference exists in the waves of the waved 
element, and each of the waved connecting members has a 
plurality of waves including a wave formed in the 
clearance between adjacent annular expanding members 
and having an amplitude larger than that of the other 
wave . 

According to a second aspect of the present 
invention, there is provided a stent formed to be 
tubular as a whole, having a first outer diameter 
capable of insertion into a tubular lumen of a living 
body, and capable of expansion to have a second outer 
diameter larger than the first outer diameter when an 



expanding force directed outward in the radial 
direction is imparted within the stent, comprising an 
expanding member formed of a waved element arranged to 
spirally surround the longitudinal axis of the stent; 
and a plurality of waved connecting members connecting 
ridges and/or bottoms of the waved elements of the 
expanding member; wherein the waved element has ridges 
and bottoms periodically appearing in a manner to cross 
the circumferential direction of the stent, and each of 
the waved connecting members has a plurality of waves 
including a wave formed in the clearance between 
adjacent waved elements in the axial direction of the 
stent and having an amplitude larger than that of the 
other wave. 

Additional objects and advantages of the present 
invention will be set forth in the description which 
follows, and in part will be obvious from the 
description, or may be learned by practice of the 
present invention. The objects and advantages of the 
present invention may be realized and obtained by means 
of the instrumentalities and combinations particularly 
pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the present invention, and 
together with the general description given above and 



the detailed description of the embodiments given 
below, serve to explain the principles of the present 
invention. 

FIG. 1 is a magnified developed view before 
expansion of a stent according to a first embodiment of 
the present invention; 

FIG. 2 is a developed view showing in a magnified 
fashion a part of the stent shown in FIG. 1; 

FIG. 3 is a developed view after expansion of the 
stent shown in FIG. 1; 

FIG. 4 is a magnified developed view before 
expansion of a stent according to a second embodiment 
of the present invention; 

FIG. 5 is a developed view showing in a magnified 
fashion a part of the stent shown in FIG. 4; and 

FIG. 6 is a developed view after expansion of the 
stent shown in FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described in 
detail with reference to the accompanying drawings. 

The flexible stent of the present invention is 
formed to be tubular as a whole, has a first outer 
diameter capable of insertion into a tubular lumen of a 
living body, and capable of expansion to have a second 
outer diameter larger than the first outer diameter 
when an expanding force directed outward in the radial 
direction is imparted within the stent. 



FIG. 1 is a magnified developed view showing a 
stent 10 according to a first embodiment of the present 
invention under the state that the stent 10 is mounted 
on a balloon catheter, i.e., the state that the stent 
5 10 has a first outer diameter small enough to permit 

the stent 10 to be inserted into a tubular lumen of a 
living body. FIG. 2 shows, in a magnified fashion, a 
part of the stent 10 shown in FIG. 1. Needless to say, 
the developed stent shown in FIG. 1 forms a tubular 

10 body if rolled around the longitudinal axis X. 

The stent 10 shown in FIG. 1 comprises a plurality 
of annular expanding members 11, e.g., 10 annular 
expanding members 11, and a plurality of waved 
connecting members 12 each joining the adjacent annular 

15 expanding members 11. When an expanding force toward 

the outside in the radial direction is imparted inside 
each of the annular expanding members 11, the annular 
expanding member 11 is expanded to have a second outer 
diameter larger than the first outer diameter and, when 

20 the expanding force is removed, the annular expanding 

member 11 retains its expanded shape. Each of the 
annular expanding members 11 is formed of a waved 
element 111. Each of the waved elements 111 is formed 
in an annular fashion such that the ridges and the 

25 bottoms of the wave appear periodically in a manner to 

cross in the circumferential direction of the expanding 
member 11. It is desirable for all the waved elements 



Ill to have the same shape as shown in FIG. 1. As 
shown in FIG. 1, the annular expanding members 11 
formed of the waved elements 111 are arranged parallel 
to each other with a predetermined distance dl (see 
FIG. 2) provided therebetween in the longitudinal 
direction of the stent 10 denoted by arrows X in FIG. 1 
such that no substantial phase difference of the wave 
is provided between the adjacent waved elements 111. 
In other words, the annular expanding members 11 are 
arranged such that the ridges of the adjacent annular 
expanding members 11 and the bottoms of the adjacent 
annular expanding members 11 are aligned in parallel in 
the axial direction of the stent 10. Incidentally, the 
bent portions on one side of the waved element 111 are 
defined to be the wave ridges, with the bent portions 
on the other side of the waved elements 111 being 
defined to be the wave bottoms. In this specification, 
the bent portions on the left side, which are denoted 
by M in FIG. 2, are defined to be the wave ridges, and 
the bent portions on the right side, which are denoted 
by V in FIG. 2, are defined to be the wave bottoms. In 
the embodiment shown in FIG. 1, each of the waved 
elements 111 has six ridges M and six bottoms V. 

The wave form of the waved elements 111 
constituting the annular expanding member 11 is not 
particularly limited. However, it is desirable for the 
wave form of the waved element 111 to be substantially 
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U-shaped as shown in FIGS. 1 and 2. To be more 

specific, the U-shaped waved element 111 is formed of a 
substantially linear segment Ilia and a bent segment 
111b connected to the linear segment 111a, as shown in 
FIG. 2. The adjacent linear segments 111a are 
alternately connected to each other at the edge 
portions by a single bent segment 111b. 

As clearly shown in FIG. 2, the waved connecting 
member 12 includes a wave ridge connecting element 12 
for connecting the ridges of the waved elements 111 of 
the adjacent annular expanding members 11 and a wave 
bottom connecting element 122 for connecting the 
bottoms of the waved elements 111 of the adjacent 
annular expanding members 11. In the case of the stent 
shown in the drawing, the ridge connecting element 121 
connects the ridge M on the left side to the ridge M on 
the right side. The ridge connecting element 121 has a 
plurality of, e.g., two, small waves 121a, 121b in the 
clearance between the adjacent linear segments 111a and 
a wave 121c having an amplitude larger than that of 
each of the other waves 121a, 121b in the clearance 
between the adjacent annular expansion members 11. 
Since the ridge connecting element 121 has the wave 
121c having an amplitude larger than that of each of 
the other waves in the clearance between the adjacent 
annular expansion members 11, the flexibility of the 
stent 10 is increased. It is possible for the wave of 
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the ridge connecting element to be V-shaped. However, 
it is desirable for the wave of the ridge connecting 
element to be S-shaped because the S-shaped wave causes 
directionality to be unlikely to appear when the stent 
5 10 is bent. It is desirable for all the ridge 

connecting elements 121 to have the same shape. The 
ridge connecting element 121 shown in FIGS. 1 and 2 has 
two small waves in the clearance between the adjacent 
linear segments 111a and a single large wave in the 

10 clearance between the adjacent annular expanding 

members 11. However, the ridge connecting element 121 
is not limited to the particular construction. It 
suffices for the ridge connecting element to have a 
plurality of waves including a wave formed between the 

15 adjacent annular expanding members and having an 

amplitude larger than that of each of the other waves. 

The wave bottom connecting element 122 connects 
the bottom V of the wave on the left side to the bottom 
V of the wave on the right side. Like the ridge 

2 0 connecting element 121, the bottom connecting element 

122 has a plurality of, e.g., two, small waves 122a, 
122b in the clearance between the adjacent linear 
segments 111a and a wave 122c having an amplitude 
larger than that of each of the waves 122a, 122b 

25 between the adjacent annular expanding members 11. 

Since the bottom connecting element 122 has the wave 
122c having an amplitude larger than that of each of 



12 



the other waves in the clearance between the adjacent 
annular expanding members 11, the flexibility of the 
stent 10 is increased. It is desirable for the large 
wave 122c to have a wave height larger than the width 
5 of the clearance between the adjacent linear segments 

Ilia. It is possible for the wave of the bottom 
connecting element 122 to be V-shaped. However, it is 
desirable for the wave of the bottom connecting element 
122 to be S-shaped because the S-shaped wave causes the 

10 directionality to be unlikely to appear when the stent 

10 is bent. It is desirable for all the bottom 
connecting elements 122 to have the same shape. The 
bottom connecting element 122 shown in FIGS. 1 and 2 
has two small waves in the clearance between the 

15 adjacent linear segments 111a and a single large wave 

in the clearance between the adjacent annular expanding 
members 11. However, the bottom connecting element 122 
is not limited to the particular construction. It 
suffices for the bottom connecting element to have a 

20 plurality of waves including a wave formed between the 

adjacent annular expanding members and having an 
amplitude larger than that of each of the other waves. 
In a particularly preferred embodiment of the present 
invention, all the ridge connecting elements 121 and 

25 all the bottom connecting members 122 have the same 

shape as shown in FIG. 1 and differ from each other in 
the direction alone. Also, it is desirable for all the 
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ridges and all the bottoms of the waved elements 
constituting the adjacent expanding members 11 to be 
joined to each other by the connecting member 12. 

In the present invention, in order to further 
increase the flexibility before and after the 
expansion, it is desirable for the large wave of the 
waved connecting member, i.e., the wave present in the 
clearance between the adjacent expanding members 12, to 
have a wave height HI (see FIG. 2) larger than the 
width wl of the ridge M or the bottom V of the waved 
element 111 constituting the annular expanding member 
11. The width wl of the ridge M or the bottom V 
represents the distance between points PI and P2 at 
which one bent segment is brought into contact with the 
two linear segments Ilia. 

The annular expanding member 11 is required to be 
deformed when expanded and to retain the deformed state 
and, thus, is required to exhibit a coping force large 
enough to cope with the force generated when the blood 
vessel is shrunk. Therefore, it is desirable for the 
annular expanding member 11 to have a width and a 
thickness not smaller than predetermined levels. On 
the other hand, if the connecting member 12 is assumed 
to play simply the role of maintaining a predetermined 
distance between the adjacent annular expanding members 
11, it is possible for the connecting member 12 to have 
a considerably small width. However, if the connecting 



member 12 is also allowed to play the role of expanding 
and holding the blood vessel, it is necessary for the 
connecting member 12 to have a width and a thickness 
substantially equal to those of the expanding member. 
As a result, the stent is rendered relatively poor in 
flexibility, though the stent exhibits a high expansion 
holding force. 

However, the present invention is intended to 
provide a stent high in flexibility in the axial 
direction both before and after the expansion. As a 
result of extensive research, the present inventors 
have found that the flexibility can be further 
increased if the width of the connecting member 12 (the 
ridge connecting element 121 and the bottom connecting 
element 122) is set at a level not larger than 1/2 the 
width of the waved element 111 constituting the annular 
expanding member 11. It has also been found that the 
stent function can be exhibited sufficiently, if the 
distance between the adjacent annular expanding members 
11 is kept constant. To be more specific, it has been 
found that the width of the connecting member 12 should 
fall within a range of between 0 . 03 ram and 0.08 ram, 
more desirably between 0.04 mm and 0.06 mm. 

If the distance dl between the adjacent annular 
expanding members 11 is excessively large, the number 
per unit length of the expanding members 11 having the 
function of holding the expansion is decreased so as to 
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relatively lower the expansion holding force, though it 
is certainly possible to increase the flexibility of 
the stent 10. On the other hand;, if the distance dl 
between the adjacent expanding members 11 is 
excessively small, the number of expanding members 11 
per unit length is increased so as to relatively 
increase the expansion holding force. However, the 
flexibility is rendered relatively poor. As a result 
of extensive research into the measures to achieve a 
good balance between the conflicting demands of 
expansion holding and the flexibility, the present 
inventors have found that the distance dl between the 
adjacent annular expanding members 11 should fall 
within a range of between 0.4 mm and 0.8 mm, more 
desirably between 0 . 5 mm and 0.7 mm. 

FIG. 3 is a developed view showing the state that 
the stent 10 shown in FIG. 1 is expanded to have the 
second outer diameter referred to previously. As shown 
in the drawing, the waved element 111 constituting the 
annular expanding member 11 is deformed from the U- 
shape in the non-expansion step shown in FIG. 1 into a 
V-shape. In accordance with the deformation, the 
diameter of the stent 10 is increased. However, if the 
stent 10 is expanded within a linear blood vessel, 
which is not bent, the connecting member 12 is not 
basically changed in its shape and length. To be more 
specific, the length in the axial direction of the 
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expanding member 11 is changed if the stent is 
expanded. However, the length of the connecting member 
12 is not changed because the adjacent ridges or the 
adjacent bottoms of the connecting member 12 are 
5 changed in the same direction by the same length. On 

the other hand, if the wave of the waved element 111 of 
the expanding member 11 differs in phase by 180°, i.e., 
if the ridge and the bottom of the wave of the waved 
element 111 are connected, the distance between the 
10 adjacent expanding members 11 is increased in the 

=- expanding process so as to elongate the connecting 

member 12. In the stent of the present invention, the 

■~ expanding members 11 are arranged in the axial 

fZ direction such that there is no phase difference among 

y i 

O 15 the waves of the waved element 111 so as to produce the 

nj 

merit that the entire length is unlikely to be changed 
(not substantially changed) even if the stent is 
extremely expanded. If the entire length of the stent 
is decreased by the expansion, it is impossible to 

20 expand the entire region of the aimed stricture portion 

of a blood vessel, or there is a deviation between the 
arranging position assumed by the X-ray image formation 
and the actual arranging state of the stent, resulting 
in failure to improve effectively the stricture 

25 portion. 

It should also be noted that, if the connecting 
member 12 is waved, it is possible to increase the 
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flexibility of the stent as described previously. In 
addition, it is possible to obtain the merit that the 
treatment can be applied easily to a branched blood 
vessel. Particularly, the merit is prominent in the 
stent retained in the coronary artery. The coronary 
artery includes a main thick blood vessel, hereinafter 
referred to as a main blood vessel, and various 
branched blood vessels, i.e., thin blood vessels 
branched from the main blood vessel. Where the 
stricture is formed in the branched portion between the 
main blood vessel and the branched blood vessels, the 
stent is retained in some cases to extend into the 
branched portion. Since the stent is retained, it is 
possible for the degree of stricture in the branched 
blood vessels to be increased or for the branched blood 
vessels to be closed in the portion of the stricture. 
In many cases, clinical symptoms or myocardial 
infarction do not take place because the branched blood 
vessels are thin. However, a chest pain or an 
infarction symptom is exhibited in some cases so as to 
make it necessary to apply some treatment. 

In this case, the guide wire is inserted into a 
branched blood vessel through a clearance 21 of the 
stent shown in FIG. 3, and a balloon catheter is 
delivered into the stricture portion along the guide 
wire so as to expand and treat the stricture portion. 
In many cases, the stricture portion is present in the 



inlet of the branched blood vessel and, thus, the wall 
of the stent is also expanded. Also, in order to 
obtain a sufficient effect of the expansion, it is 
necessary to perform the expansion by using a large 
balloon having a diameter close to the diameter of the 
branched blood vessel. If the balloon is expanded, a 
half portion lllh of the waved element 111 defining the 
clearance 21 of the stent, the ridge connecting element 
121 and the bottom connecting element 122 which are 
adjacent to each other in the circumferential 
direction, and a half portion lllh2 of the waved 
element 111 adjacent to the half portion lllhl of the 
waved element 111 are expanded into substantially 
circular form. As described above, it is desirable to 
perform the expansion with a balloon that is as large 
as possible and, thus, it is desirable for the 
circumferential length to be as large as possible. In 
the present invention, the connecting member 12 is 
waved and, thus, the circumferential length of the 
clearance 21 is larger than that in the case where the 
connecting member 12 is straight, leading to the merit 
that it is possible to use a large balloon. Such being 
the situation, it is particularly desirable for the 
total length of each of the waved connecting member 12 
to be at least 1.3 times as much as the straight 
distance between the adjacent ridges or between the 
adjacent bottoms of the annular expanding member 11. 
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FIG. 4 is a magnified developed view of a stent 30 

according to the first mode of the present invention 
under the state that the stent 30 according to a second 
embodiment of the present invention is mounted on a 
balloon catheter, i.e., under the state that the stent 
has the first outer diameter that is small enough to be 
inserted into the tubular lumen of a living body. 
FIG. 5 shows in a magnified fashion a part of the stent 
30 shown in FIG. 4. Needless to say, the developed 
stent shown in FIG. 4 forms a tubular body if rolled 
around the longitudinal axis X. 

The stent 30 shown in FIGS. 4 and 5 comprises 
expanding members 31 formed of waved elements 311 and 
waved connecting members 32 for connecting the adjacent 
ridges and/or the adjacent bottoms of the waved element 
in the longitudinal axial direction of the stent 
denoted by arrows X. 

When an expanding force toward the outside in the 
radial direction is imparted within the expanding 
member 31, the expanding member 31 is expanded to have 
a second outer diameter larger than the first outer 
diameter and retains the expanded shape when the 
expanding force is removed. The expanding member 31 
performing the particular function is formed of a waved 
element 311 spirally arranged to surround the 
longitudinal axis of the stent. 

The waved element 311 is formed in a spiral 
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fashion such that the ridges and the bottoms of the 
wave periodically appear in the crossing direction with 
a predetermined angle relative to the circumferential 
direction of the expanding member 31. 

It is desirable for the waved elements 311 to be 
arranged in the longitudinal axial direction of the 
stent 30 in parallel at a predetermined distance d2 
(see FIG. 5) apart from each other such that no 
substantial phase difference is generated between the 
adjacent waves in the longitudinal axial direction of 
the stent. In other words, it is desirable for the 
expanding members 31 to be arranged such that the 
adjacent wave ridges and the adjacent wave bottoms in 
the longitudinal axial direction of the stent are 
aligned in parallel. Incidentally, the bent portion on 
one side of the waved element 311 is defined in the 
present specification to be the ridge of the wave, and 
the bent portion on the other side of the waved element 
311 is defined to be the bottom of the wave. In 
FIGS. 4 and 5, the bent portion on the left side is 
defined to be the ridge of the wave, which is denoted 
by M in FIG. 5, and the bent portion on the right side 
is defined to be the bottom of the wave, which is 
denoted by V in FIG. 5. In the embodiment shown in 
FIG. 4, the waved element 311 makes a spiral rotation 
about six times. 

The wave form of the waved element 311 
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constituting the expanding member 31 is not 
particularly limited in the present invention. 
However, it is desirable for the wave form to be 
substantially U-shaped as shown in FIGS. 4 and 5. To 
be more specific, the U-shaped waved element 311 
comprises a substantially linear long segment 311a, a 
substantially linear short segment 311b, and a bent 
segment 311c connecting these linear segments 311a and 
311b, as shown in FIG. 5. The adjacent linear long and 
short segments 311a and 311b are alternately connected 
to each other at the edge portions by a single bent 
segment 311c. 

As clearly shown in FIG. 5, the waved connecting 
member 32 includes a wave ridge connecting element 321 
connecting the adjacent wave ridges of the waved 
element 311 of the expanding member 31 in the axial 
direction of the stent and a wave bottom connecting 
element 322 connecting the adjacent wave bottoms of the 
waved element 311 of the expanding member 31 in the 
axial direction of the stent. In the case of the stent 
shown in the drawing, the ridge connecting element 321 
connects the ridge M on the left side to the ridge M on 
the right side. The ridge connecting element 321 
includes a plurality of, e.g., four, small waves 321b 
formed in the clearance between the adjacent linear 
long segment 311a and the short segment 311b and a 
large wave 321c having an amplitude larger than that of 
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the other wave 321b, said large wave 321c being formed 
in the clearance between the adjacent waved elements in 
the longitudinal axial direction of the stent. Since 
the large wave 321c having an amplitude larger than 
that of the other wave is formed in the clearance 
between the adjacent waved elements 311, it is possible 
to increase the flexibility of the stent 30. 
Incidentally, in the stent shown in the drawing, the 
small wave 321b is connected to a linear member 321a 
connected to the ridge of the wave. It is possible for 
the wave of the ridge connecting element to be V- 
shaped. However, it is desirable for the wave of the 
ridge connecting element to be S-shaped because the S- 
shaped wave causes directionality to be unlikely to 
appear when the stent 10 is bent. It is desirable for 
all the ridge connecting elements 321 to have the same 
shape. The ridge connecting element 321 shown in 
FIGS. 4 and 5 has four small waves in the clearance 
between the adjacent linear long segment 311a and the 
short segment 311b and a single large wave 321c in the 
clearance between the adjacent waved elements in the 
longitudinal axial direction of the stent. However, 
the ridge connecting element 321 is not limited to the 
particular construction. It suffices for the ridge 
connecting element to have a plurality of waves 
including a wave formed between the adjacent waved 
elements in the longitudinal axial direction of the 
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stent and having an amplitude larger than that of each 
of the other waves. 

The wave bottom connecting element 322 connects 
the bottom V of the wave on the left side to the bottom 
5 V of the wave on the right side. Like the ridge 

connecting element 321, the bottom connecting element 
322 has a plurality of, e.g., four, small waves 322b in 
the clearance between the adjacent long linear segment 
311a and the short linear segment 311b and a wave 322c 

10 having an amplitude larger than that of each of the 

waves 322b between the adjacent waved elements in the 
longitudinal axial direction of the stent. Since the 
bottom connecting element 322 has the wave 322c having 
an amplitude larger than that of each of the other 

15 waves in the clearance between the adjacent annular 

expanding members 11, the flexibility of the stent 30 
is increased. It is desirable for the large wave 322c 
to have a wave height larger than the width of the 
clearance between the adjacent linear segments 311a. 

20 It is possible for the wave of the bottom connecting 

element 322 to be V-shaped. However, it is desirable 
for the wave of the bottom connecting element 322 to be 
S-shaped because the S-shaped wave causes direction- 
ality to be unlikely to appear when the stent 30 is 

25 bent. It is desirable for all the bottom connecting 

elements 322 to have the same shape. The bottom 
connecting element 322 shown in FIGS. 4 and 5 has four 
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small waves 322b in the clearance between the adjacent 

long linear segments 311a and the short linear segment 

311b and a single large wave 322c in the clearance 

between the adjacent waved elements in the longitudinal 

5 axial direction of the stent. However, the bottom 

connecting element 322 is not limited to the particular 

construction. It suffices for the bottom connecting 

1=4 element 322 to have a plurality of waves including a 
□ 

p wave formed between the adjacent waved elements in the 

2 10 longitudinal axial direction of the stent and having an 

S'J amplitude larger than that of each of the other waves. 

In a particularly preferred embodiment of the present 

^ invention, all the ridge connecting elements 321 and 

rz all the bottom connecting members 322 have the same 

O 15 shape as shown in FIG. 4 and differ from each other in 

lU 

the direction alone. Also, it is desirable for all the 
ridges and all the bottoms of the adjacent waved 

elements in the longitudinal axial direction of the 
stent to be joined to each other by the connecting 

20 member 32. 

In the present invention, in order to further 
increase the flexibility before and after the 
expansion, it is desirable for the large wave of the 
waved connecting member, i.e., the wave present in the 

25 clearance between the adjacent expanding members 31, to 

have a wave height H2 (see FIG. 5) larger than the 
width w2 of the ridge M or the bottom V of the waved 
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element 311 constituting the annular expanding member 
31. The width w2 of the ridge M or the bottom V 
represents the distance between points PI and P2 at 
which one bent segment is connected to the linear long 
5 segment 311a and the linear short segment 311b under 

the developed state of the stent. 

The annular expanding member 31 is required to be 
deformed when expanded and to retain the deformed state 
and, thus, is required to exhibit a coping force large 

10 enough to cope with the force generated when the blood 

vessel is shrunk. Therefore, it is desirable for the 
annular expanding member 31 to have a width and a 
thickness not smaller than predetermined levels. On 
the other hand, if the connecting member 32 is assumed 

15 to play simply the role of maintaining a predetermined 

distance between the adjacent annular expanding members 
31, it is possible for the connecting member 32 to have 
a considerably small width. However, if the connecting 
member 32 is also allowed to play the role of expanding 

20 and holding the blood vessel, it is necessary for the 

connecting member 32 to have a width and a thickness 
substantially equal to those of the expanding member. 
As a result, the stent is rendered relatively poor in 
flexibility, though the stent exhibits a high expansion 

25 holding force. 

However, the present invention is intended to 
provide a stent high in flexibility in the axial 



direction both before and after the expansion. As a 

result of extensive research, the present inventors 
have found that the flexibility can be further 
increased if the width of the connecting member 32 (the 
ridge connecting element 321 and the bottom connecting 
element 322) is set at a level not larger than 1/2 the 
width of the waved element 311 constituting the annular 
expanding member 31. It has also been found that the 
stent function can be exhibited sufficiently if the 
distance between the adjacent annular expanding members 
31 is kept constant. To be more specific, it has been 
found that the width of the connecting member 32 should 
fall within a range of between 0.03 mm and 0.08 mm, 
more desirably between 0.04 mm and 0.06 mm. 

If the distance d2 between the adjacent waved 
elements 311 is excessively large, the number per unit 
length of the expanding members 31 having the function 
of holding the expansion is decreased so as to 
relatively lower the expansion holding force, though it 
is certainly possible to increase the flexibility of 
the stent 30. On the other hand, if the distance d2 
between the adjacent expanding members 31 is 
excessively small, the number of expanding members 31 
per unit length is increased so as to relatively 
increase the expansion holding force. However, the 
flexibility is rendered relatively poor. As a result 
of extensive research into the measures to achieve a 



good balance between the conflicting demands of 
expansion holding and the flexibility, the present 
inventors have found that the distance d2 between the 
adjacent annular expanding members 31 should fall 
within a range of between 0.4 mm and 1.7 mm, more 
desirably between 0 . 6 mm and 1.2 mm. 

FIG. 4 shows that the stent 30 has a second waved 
element 33 and a third waved element 34 on both edges. 
The second and third waved elements 33 and 34 permit 
the tip of the wave form positioned on both edges under 
the state that the waved element 311 is arranged in a 
spiral fashion to be flush with both edges in a 
direction perpendicular to the longitudinal axis of the 
stent. The second waved element 33 is formed of two 
waves and is connected to the ridge of the wave at one 
edge portion. Also, the bottoms of the adjacent spiral 
waved element are connected to each other by the waved 
connecting member 331 and the ridges of the adjacent 
spiral waved element are connected to each other by the 
waved connecting member 332. On the other hand, the 
third waved element 34 is formed of two waves and is 
connected to the ridge of the wave at one edge portion. 
Also, the bottoms of the adjacent spiral waved element 
are connected to each other by the waved connecting 
member 341 and the ridges of the adjacent spiral waved 
element are connected to each other by the waved 
connecting member 342. Each of the connecting members 
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331, 332, 341 and 342 does not have a large wave as in 
the connecting member 32 for connecting the spiral 
waved element 311. However, no particular problem is 
generated because the flexibility is scarcely required 
in these connecting members 331, 332, 341 and 342. 

FIG. 6 is a developed view showing the state that 
the stent 30 shown in FIG. 4 is expanded to have the 
second outer diameter referred to previously. As shown 
in the drawing, the waved element 311 constituting the 
annular expanding member 11 is deformed from the U- 
shape in the non-expansion step shown in FIG. 4 into a 
V-shape. In accordance with the deformation, the 
diameter of the stent 30 is increased. However, if the 
stent 30 is expanded within a linear blood vessel, 
which is not bent, the connecting member 32 is not 
basically changed in its shape and length. To be more 
specific, the length in the axial direction of the 
expanding member 31 is changed if the stent is 
expanded. However, the length of the connecting member 
32 is not changed because the adjacent ridges or the 
adjacent bottoms of the connecting member 32 are 
changed in the same direction by the same length. On 
the other hand, if the wave of the waved element 311 of 
the expanding member 31 differs in phase by 180°, i.e., 
if the ridge and the bottom of the wave of the waved 
element 311 are connected, the distance between the 
adjacent expanding members 31 is increased in the 



expanding process so as to elongate the connecting 
member 32. In the stent of the present invention, the 
expanding members 31 are arranged in the axial 
direction such that there is no phase difference among 
the waves of the waved element 311 so as to produce the 
merit that the entire length is unlikely to be changed 
(not substantially changed) even if the stent is 
extremely expanded. If the entire length of the stent 
is decreased by the expansion, it is impossible to 
expand the entire region of the aimed stricture portion 
of a blood vessel, or there is a deviation between the 
arranging position assumed by the X-ray image foirmation 
and the actual arranging state of the stent, resulting 
in failure to improve effectively the stricture 
portion. 

It should also be noted that, if the connecting 
member 32 is waved, it is possible to increase the 
flexibility of the stent as described previously. In 
addition, it is possible to obtain the merit that the 
treatment can be applied easily to a branched blood 
vessel. Particularly, the merit is prominent in the 
stent retained in the coronary artery. The coronary 
artery includes a main thick blood vessel, hereinafter 
referred to as a main blood vessel, and various 
branched blood vessels, i.e., thin blood vessels 
branched from the main blood vessel. Where the 
stricture is formed in the branched portion between the 
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main blood vessel and the branched blood vessels, the 
stent is retained in some cases to extend into the 
branched portion. Since the stent is retained, it is 
possible for the degree of stricture in the branched 
blood vessels to be increased or for the branched blood 
vessels to be closed in the portion of the stricture. 
In many cases, clinical symptoms or myocardial 
infarction do not take place because the branched blood 
vessels are thin. However, a chest pain or an 
infarction symptom is exhibited in some cases so as to 
make it necessary to apply some treatment. 

In this case, the guide wire is inserted into a 
branched blood vessel through a clearance 41 of the 
stent shown in FIG. 6, and a balloon catheter is 
delivered into the stricture portion along the guide 
wire so as to expand and treat the stricture portion. 
In many cases, the stricture portion is present in the 
inlet of the branched blood vessel and, thus, the wall 
of the stent is also expanded. Also, in order to 
obtain a sufficient effect of the expansion, it is 
necessary to perform the expansion by using a large 
balloon having a diameter close to the diameter of the 
branched blood vessel. If the balloon is expanded, the 
linear short segment 311b of the waved element 311 
defining the clearance 41 of the stent, the ridge 
connecting element 321 and the bottom connecting 
element 322 which are adjacent to each other in the 
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circumferential direction, and the short segment 311b 
of the waved element 311 adjacent to the short segment 
311b of the waved element 311 in the axial direction 
are expanded into substantially circular form. As 
described above, it is desirable to perform the 
expansion with a balloon that is as large as possible 
and, thus, it is desirable for the circumferential 
length to be as large as possible. In the present 
invention, the connecting member 12 is waved and, thus, 
the circumferential length of the clearance 41 is 
larger than that in the case where the connecting 
member 32 is straight, leading to the merit that it is 
possible to use a large balloon. Such being the 
situation, it is particularly desirable for the total 
length of each of the waved connecting member 32 to be 
at least 1.3 times as much as the straight distance 
between the adjacent ridges or between the adjacent 
bottoms of the annular expanding member 31. 
Incidentally, a large clearance 42 larger than the 
clearance 41 noted above is formed by the linear long 
segment 311a of the waved element 311, the ridge 
connecting element 321 and the bottom connecting 
element 322 adjacent to each other in the circum- 
ferential direction, and the long segment 311a of the 
waved element 311 adjacent to the long segment 311a of 
the waved element 311 in the axial direction. It is 
unclear, however, whether the guide wire actually 
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passes through the clearance 41 or the clearance 42. 
Therefore, it is convenient to use a balloon capable of 
being inserted into the small clearance 41. 

It is desirable for each of the stents 10 and 30 
to be formed of a material adaptable to a living body 
including, for example, a stainless steel, tantalum or 
a tantalum alloy, platinum or a platinum alloy, gold or 
a gold alloy, and a cobalt-based alloy. It is also 
possible to prepare first a stent form, followed by 
plating the stent form with a noble metal such as gold 
or platiniom. It is desirable to use as the stainless 
steel SUS316L having the highest corrosion resistance. 
Further, it is desirable to apply annealing to the 
final shape of the stent 10 after formation of the 
final shape of the stent 10. If annealing is applied, 
the flexibility and the plasticity of the entire stent 
are improved so as to improve the capability of being 
retained in a bent blood vessel. Compared with the 
case where annealing is not applied, a stent to which 
annealing is applied permits decreasing the restoring 
force of the expanded stent to the shape before the 
expansion, particularly, the restoring force to the 
linear state, which is exhibited when the stent is 
expanded in a bent portion of a blood vessel, so as to 
decrease the physical stimulus imparted to the inner 
wall of the bent blood vessel and, thus, to decrease 
the factor of the re-stricture. In order to prevent an 
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oxide film from being formed on the surface of the 
stent, it is desirable to carry out the annealing by 
heating at 1000 to IISCC in an inert gas atmosphere, 
e.g., in an argon gas atmosphere, followed by rapidly 
cooling the stent. 

Each of the stents 10 and 30 of the present 
invention can be manufactured preferably by employing 
the method of hollowing out the stent portion from a 
metal pipe. Various methods can be employed for 
hollowing out the stent from a pipe including, for 
example, an etching method called photo fabrication 
using masking and chemicals, a discharge processing 
method using a mold, and a mechanical cutting method. 

The simplest method having a high processing 
accuracy is a laser processing method. It is possible 
to use SL116E (trade name of a YAG laser manufactured 
by NEC Corporation) as the laser processing machine. 
Specifically, a metal pipe is set on a tool equipped 
with a rotary motor provided with a chuck mechanism so 
as to prevent the axis of the metal pipe from being 
shifted, and the tool is set on an XY table capable of 
a numerical control. The XY table and the rotary motor 
are connected to a personal computer, and the output of 
the personal computer is set to be supplied to the 
numerical controller of the XY table and to the rotary 
motor. Drawing software is stored in the personal 
computer, and the developed drawing of the stent 
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constructed as shown in FIG. 1 or 4 is supplied to the 
personal computer. Then, the XY table and the rotary 
motor are driven on the basis of the drawing data 
generated from the personal computer, followed by- 
irradiation with a laser beam so as to prepare the 
stent structure shaped as shown in FIG. 1. The method 
of manufacturing the stent is not limited to the system 
described above. It is also possible to employ a so- 
called "laser marker" system (galvanometer system) 
driven by a laser processing machine. 

A retaining technology of a coronary artery stent 
will now be described briefly as a typical stent 
retaining technology in the case of using a balloon 
expansion stent. In the first step, a sheath is 
retained in a suitable blood vessel (mainly a femoral 
artery, an elbow artery or the radial artery) in order 
to secure blood vessels for introducing various 
catheters into the blood vessels. The sheath is a 
device comprising a plastic tube having a small wall 
thickness and a valve mounted on the distal end of the 
plastic tube for preventing the leakage of the blood. 
Catheters can be inserted into and withdrawn from the 
plastic tube through the valve mounted at the distal 
end of the plastic tube. A catheter called a guiding 
catheter is inserted through the sheath so as to fix 
the distal end of the inserted catheter at the inlet of 
the right or left coronary artery. As a result, a 
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passageway is formed extending from outside the living 
body to the coronary artery. 

In the next step, a thin guide wire having a 
diameter of, for example, about 0.36 ram (0.014 inch) is 
5 inserted into the guiding catheter so as to allow the 

guide wire to pass through the stricture portion of the 
coronary artery. Then, a balloon catheter equipped 
with a balloon at the distal end is inserted along the 
guide wire, and the balloon is expanded so as to expand 

10 the stricture portion, followed by withdrawing the 

balloon catheter. Further, a contrast medium is 
injected through the guiding catheter so as to confirm 
the state of expansion of the stricture portion. If 
the stricture portion is sufficiently expanded and if 

15 there is no inconvenience, the manual operation is 

finished- If the expansion is insufficient or the 
inner membrane is peeled off, the operation to retain 
the stent is carried out as follows. 

Specifically, the stent is mounted on the balloon, 

20 which is in the folded state, of a balloon catheter, 

and the balloon catheter is moved along the guide wire 
to the stricture portion as described above such that 
the distal end of the balloon catheter is positioned 
within the stricture portion. Under this condition, 

25 the position of the distal end of the balloon catheter 

is confirmed by an X-ray observation. Then, a contrast 
medium is injected into the balloon under a high 



pressure so as to expand the balloon. By the expansion 
of the balloon, the stent is plastically deformed such 
that the diameter of the stent is increased in the 
radial direction so as to be expanded (swollen) as 
shown in FIG. 3 or 6, thereby expanding the stricture 
portion. Then, the pressure of the balloon is removed 
so as to shrink the balloon. In this case, the stent 
is not shrunk and is retained in its position because 
the stent has an expansion holding force (shape holding 
force) derived from the plastic deformation so as to 
maintain the expanded state of the blood vessel and, 
thus, to improve the blood flow disorder. It should be 
noted in this connection that, in the stent according 
to the second embodiment of the present invention, 
which is shown in FIG. 4, the expanding member is 
formed of the waved element that is arranged in a 
spiral fashion and the connecting element, which are 
each arranged in a continuous fashion. It follows that 
the expanded state can be maintained with substantially 
uniform expanding force relative to the blood vessel. 
In addition, even in a bent stricture portion, the 
stent can be bent more easily along the bending of the 
bent stricture portion. 

The present invention will now be described in 
more detail with reference to the Examples of the 
present invention given below. 
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Example 1 : 

A long stainless steel pipe (SUS316L) having a 
diameter of 1.4 mm and a wall thickness of 0.10 mm was 
cut into a pipe piece having a length of 100 mm. A 
desired stent was manufactured by a laser processing 
method from the cut piece of the stainless steel pipe. 
SL116E (trade name of a YAG laser manufactured by NEC 
Corporation) was used as the laser processing machine. 
Specifically, the cut piece of the stainless steel pipe 
was set on a tool equipped with a rotary motor provided 
with a chuck mechanism so as to prevent the axis of the 
metal pipe piece from being shifted, and the tool was 
set on an XY table capable of a numerical control. The 
XY table and the rotary motor were connected to a 
personal computer, and the output of the personal 
computer was set to be supplied to the numerical 
controller of the XY table and to the rotary motor. 
Drawing software was stored in the personal computer, 
and the developed drawing of the stent constructed as 
shown in FIG. 1 was supplied to the personal computer. 
Then, the XY table and the rotary motor were driven on 
the basis of the drawing data generated from the 
personal computer, followed by irradiating the 
stainless steel pipe piece that was moved in accordance 
with the driving of the XY table and the rotary motor 
with a laser beam so as to prepare the stent structure 
shaped as shown in FIG. 1. Incidentally, a core was 
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inserted into the pipe piece so as to prevent the laser 
beam from penetrating through the pipe piece. The 
laser processing was carried out under a current value 
of 25 A, an output of 1.5 W and a driving speed of 
10 mm/sec. 

As a result, a stent was prepared shaped as shown 
in FIG. 1. The stent thus prepared had an entire 
length of 15 mm and an outer diameter of 1.4 mm. Also, 
the waved element constituting the expanding member had 
a width of 0.11 mm and the connecting member had a 
width of 0.05 mm. When the stent was mounted on a 
delivery balloon, the outer diameter of the stent was 
decreased to about 1.0 mm. The width of the ridge and 
the bottom of the waved element was 0.36 mm, and the 
height of the largest wave of the connecting member was 
0.50 mm, which was larger than the width of the ridge 
and the bottom of the waved element. Also, the 
distance between the adjacent expanding members was 
0.51 mm, and the total length of each of the connecting 
members was 2.13 mm. Further, the linear distance 
between the ridges or between the bottoms of the 
adjacent expanding elements was 1.55 mm. 

The clearance 21 of the stent described previously 
had a circumferential length of 6.35 ram, which 
corresponds to 2.02 mm of the diameter of a circle. On 
the other hand, if the adjacent ridges are assumed to 
be joined to each other by a straight joining member. 
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the circumferential length of the clearance of the 
stent formed in this case is 4.80 mm, which corresponds 
to 1.53 mm of the diameter of a circle. It follows 
that, if the stent of the present invention is used, it 
is possible to use a balloon of 2.0 ram for a branched 
blood vessel. However, where the connecting member is 
straight, it is possible to use only a balloon of 
1.5 mm. In terms of the cross-sectional area, the 
diameter of 2.0 mm is 1.7 times as much as the diameter 
of 1.5 mm and, thus, is advantageous in this respect. 
It is considered reasonable to understand that, since 
the waved connecting member has a small width, the 
stent can be deformed easily along the balloon when the 
balloon is expanded so as to contribute to the merit 
described above. 
Example 2 : 

A long stainless steel pipe (SUS316L) having a 
diameter of 1.4 mm and a wall thickness of 0.10 mm was 
cut into a pipe piece having a length of 100 mm. A 
desired stent was manufactured by a laser processing 
method from the cut piece of the stainless steel pipe. 
SL116E (trade name of a YAG laser manufactured by NEC 
Corporation) was used as the laser processing machine. 
Specifically, the cut piece of the stainless steel pipe 
was set on a tool equipped with a rotary motor provided 
with a chuck mechanism so as to prevent the axis of the 
raetal pipe piece from being shifted, and the tool was 
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set on an XY table capable of a numerical control. The 
XY table and the rotary motor were connected to a 
personal computer, and the output of the personal 
computer was set to be supplied to the numerical 
5 controller of the XY table and to the rotary motor. 

Drawing software was stored in the personal computer, 
and the developed drawing of the stent constructed as 
shown in FIG. 4 was supplied to the personal computer. 

H- Then, the XY table and the rotary motor were driven on 

Q 

O 10 the basis of the drawing data generated from the 

42 personal computer, followed by irradiating the 

51 stainless steel pipe piece that was moved in accordance 

= with the driving of the XY table and the rotary motor 

lI with a laser beam so as to prepare the stent structure 

5^ 15 shaped as shown in FIG. 4. The laser processing was 

carried out under a current value of 25 A, an output of 
1.5 W and a driving speed of 10 ram/sec. 

As a result, a stent was prepared shaped as shown 
in FIG. 4. The stent thus prepared had an entire 
20 length of 15 mm and an outer diameter of 1.4 mm. Also, 

the waved element constituting the expanding member had 
a width of 0.11 mm and the connecting member had a 
width of 0.05 mm. When the stent was mounted on a 
delivery balloon, the outer diameter of the stent was 
25 decreased to about 1.0 mm. The width of the ridge and 

the bottom of the waved element was 0.36 mm, and the 
height of the largest wave of the connecting member was 
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0.50 ram, which was larger than the width of the ridge 

and the bottom of the waved element. Also, the long 
linear segment of the waved element had a length of 
1.69 mm, and the short segment had a length of 1.29 mm. 
5 Further, the distance between the adjacent waves was 

0.7 6 mm, and the total length of each of the connecting 
members was 4.75 mm. Still further, the linear 
y, distance between the ridges or between the bottoms of 

n the adjacent waved elements was 2.3 mm. 

5 10 The clearance 41 of the stent described previously 

=;J had a circumferential length of 10.34 ram, which 

^ corresponds to about 3 . 3 ram of the diameter of a 

J=f circle. On the other hand, if the adjacent ridges are 

assumed to be joined to each other by a straight 
C3 15 joining member, the circumferential length of the 

clearance of the stent formed in this case is 7.56 mm, 
which corresponds to 2.4 ram of the diameter of a 
circle. It follows that, if the stent of the present 
invention is used, it is possible to use a balloon of 
20 3.25 mm for a branched blood vessel- However, where 

the connecting member is straight, it is possible to 
use only a balloon of 2.25 mm. In terms of the cross- 
sectional area, the diameter of 3.25 rara is 2.28 times 
as much as the diameter of 2.25 mm and, thus, is 
25 advantageous in this respect. It is considered 

reasonable to understand that, since the waved connect- 
ing member has a small width, the stent can be deformed 
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easily along the balloon when the balloon is expanded 
so as to contribute to the merit described above. 

As described above, a stent according to the 
present invention is excellent in its flexibility in 
the axial direction either before or after expansion. 
It follows that, when a stent of the present invention 
is delivered, it is possible to deliver the stent even 
through a difficult diseased portion which is bent and 
calcified. Also, since the stent has a flexibility 
such that, even when retained in a bent diseased 
portion, the stent can be bent easily, it can be 
expected that re-stricture can be prevented at the edge 
of the stent. Further, a stent of the present 
invention is provided with a waved connecting member 
having a plurality of waves, and the total length of 
the waved portion is longer than the straight portion, 
leading to the merit that a large balloon can be 
applied to a branched blood vessel. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the present invention in its broader aspects is not 
limited to the specific details and representative 
embodiments shown and described herein. Accordingly, 
various modifications may be made without departing 
from the spirit or scope of the general inventive 
concept as defined by the appended claims and their 
equivalents. 



